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Abstract The cardiovascular manifestations of human immunodeficiency virus (HIV) infection
have changed significantly following the introduction of highly active antiretroviral therapy
(HAART) regimens. On one hand, HAART has altered the course of HIV disease, with longer
survival of HIV-infected patients, and cardiovascular complications of HIV infection such as
myocarditis have been reduced. On the other hand, HAART is associated with an increase
in the prevalence of both peripheral and coronary arterial disease. As longevity increases in
HIV-infected individuals, long-term effects, such as cardiovascular disease, are emerging as
leading health issues in this population. In the present review article, we discuss HIV-associated
cardiovascular disease, focusing on epidemiology, etiopathogenesis, diagnosis, prognosis, man-
agement and therapy. Cardiovascular involvement in treatment-naive patients is still important
in situations such as non-adherence to treatment, late initiation of treatment, and/or limited
access to HAART in developing countries. We therefore describe the cardiovascular conse-
quences in treatment-naive patients and the potential effect of antiretroviral treatment on
their regression, as well as the metabolic and cardiovascular implications of HAART regimens
in HIV-infected individuals.







Patologia cardiovascular associada ao vírus da imunodeficiência humana
Resumo As manifestações cardiovasculares da infeção pelo vírus da imunodeficiência humana
(VIH) modificaram-se significativamente com a introdução dos regimes de terapêutica antir-
retroviral de elevada potência (HAART). Por um lado, a HAART modificou o curso da
doença VIH, com o prolongamento da sobrevivência dos doentes VIH-infetados. Complicações
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cardiovasculares da infeção VIH, como a miocardite, foram reduzidas. Por outro lado, a HAART
tem sido associada ao aumento da prevalência de doenças arteriais periféricas e coronárias. Com
o aumento da longevidade dos indivíduos VIH-infetados, efeitos a longo prazo, como a doença
cardiovascular, estão a emergir como questões de saúde proeminentes nesta população. No
presente artigo de revisão, discutiremos a patologia cardiovascular associada ao VIH, focando-
nos na epidemiologia, etiopatogénese, diagnóstico, prognóstico, abordagem e terapêutica. A
importância do envolvimento cardiovascular em doentes não tratados pelas novas terapêuticas
é ainda uma realidade em situações como o não cumprimento da terapêutica, o início tardio da
terapêutica ou o acesso limitado à HAART nos países em desenvolvimento. Assim, descreveremos
as consequências cardiovasculares nos doentes não tratados e o potencial efeito da terapêutica
antirretroviral na sua regressão, e as consequências metabólicas e implicações cardiovasculares
dos regimes HAART nas pessoas infetadas pelo VIH.
© 2014 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier España, S.L.U. Todos os
direitos reservados.
AIDS acquired immunodeficiency syndrome
ART antiretroviral therapy
BP blood pressure
CCB calcium channel blocker
CVD cardiovascular disease
EACS European AIDS Clinical Society
HAART highly active antiretroviral therapy
HIV human immunodeficiency virus
HF heart failure
HTN nephropathy hypertensive nephropathy
IE infectious endocarditis
IHD ischemic heart disease
iNOS inducible nitric oxide synthase
KS Kaposi sarcoma
LV left ventricular
LVDD left ventricular diastolic dysfunction
MI myocardial infarction




NRTI nucleoside reverse-transcriptase inhibitor






Human immunodeficiency virus (HIV) is a retrovirus with
tropism for cells expressing CD4. In 2012 the number of
HIV-positive individuals was estimated at 35.3 million.1
The introduction of highly active antiretroviral therapy
(HAART) has prolonged the survival of HIV-positive individ-
uals, turning acquired immunodeficiency syndrome (AIDS)
into a chronic disease.
A retrospective analysis of causes of death in 13 cohort
studies of HIV type 1 (HIV-1)-infected patients who initiated
antiretroviral therapy (ART) in Europe and North America
from 1996 through 2006 showed lower mortality from AIDS-
related causes and higher mortality from causes associated
with aging, such as non-AIDS malignancies and cardiovascu-
lar disease (CVD). The latter accounted for 7.9% of deaths,
of which 40% were from myocardial infarction (MI)/ischemic
heart disease (IHD), which suggests that the process of aging
will become a dominant factor in HIV-1 mortality in the next
decade.2
The cardiovascular manifestations of HIV infection have
changed following the introduction of HAART. Cardiovascular
involvement in treatment-naive patients is still important in
individuals who do not adhere to treatment or start treat-
ment late, and in countries with limited access to ART.
We therefore describe the cardiovascular consequences in
treatment-naive HIV-positive individuals and the potential
effect of treatment on their regression, as well as the impli-
cations of HAART.
Cardiovascular manifestations of human
immunodeficiency virus infection
Cardiomyopathy
Four types of cardiomyopathy are associated with HIV infec-
tion: myocarditis, hypokinetic cardiomyopathy (particularly
in advanced stages of infection), dilated cardiomyopathy,
and reduced left ventricular systolic function.3
Pre-HAART studies reported high prevalences of
myocarditis, in up to 52% of patients.4 Acute myocarditis
can lead to congestive heart failure (HF) and arrhythmias.
Myositis is common in this population, and myoglobin
is thus less specific as a marker of myocardial damage.5
Clinical features, risk factors such as drugs or antivirals, and
complementary exams have a role in diagnosis. The gold
standard in the diagnosis of myocarditis is endomyocardial
biopsy.6
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Dilated cardiomyopathy: With regard to dilated car-
diomyopathy, the pre-HAART incidence was reported to
range between 8%7 and 35%.8 In the HAART era, a reduction
in the prevalence of cardiomyopathy has been reported in
developed countries,9 possibly due to reduced viral repli-
cation, lower incidence of myocarditis and prevention of
opportunistic infections. In developing countries, with less
access to ART, cardiomyopathy is a significant problem; a
prospective study in Rwanda reported a 17.7% prevalence
of dilated cardiomyopathy.10
The pathogenesis of dilated cardiomyopathy is thought
to be multifactorial, possibly linked to infection of
the myocardium by HIV,7 immunodepression,3,10 nutri-
tional deficiencies,10 diffuse-regressive alterations,11 car-
diac autoimmunity,12 infectious endocarditis, coinfection
with cardiotropic viruses,7 the action of cytokines,11 and the
cardiotoxicity of certain drugs, including zidovudine.13
Clinically, it is often asymptomatic or non-specific and
the symptoms of HF may be masked by other conditions.
Echocardiography is the method of choice to assess ventri-
cular function.
Cardiomyopathy is associated with increased mortality,
with progressive left ventricular (LV) dysfunction lead-
ing to HF. The importance of ventricular dysfunction is
demonstrated by the reduced survival of patients with
cardiomyopathy who died of AIDS in the pre-HAART era com-
pared to those with preserved cardiac function at a similar
stage of infection (101 vs. 472 days).14
Barbaro et al. studied the influence of development of
encephalopathy on the clinical course of HIV-associated
cardiomyopathy and observed that patients with encephalo-
pathy were more likely to die from congestive HF.15 The virus
may persist in reservoir cells in the myocardium and cere-
bral cortex even after ART, and these cells may chronically
release cytotoxic cytokines, contributing to progressive tis-
sue damage in both systems. Antagonists of cytokines or
inducible nitric oxide synthase (iNOS) or apoptosis inhibitors
can reduce cell damage caused by chronic release of cyto-
toxic cytokines and by activation of iNOS by these reservoir
cells.15 However, further studies are needed to assess their
therapeutic potential.
In general, standard HF treatment regimens are
recommended for HIV-positive individuals with dilated
cardiomyopathy and HF.5 Angiotensin-converting enzyme
inhibitors may be poorly tolerated because of low sys-
temic vascular resistance from diarrheal disease, infection
or dehydration.5 Digoxin may be added for the treatment of
patients with persistent symptoms or atrial fibrillation with
rapid ventricular response.5 When the patient is euvolemic,
a beta-blocker may be started because of its beneficial
effects on circulating levels of cytokines.16 There is little
evidence that HAART is beneficial in this respect, although
it may reduce the incidence of cardiac disease by preventing
opportunistic infections.
Diastolic dysfunction
High prevalences of left ventricular diastolic dysfunc-
tion (LVDD) have been reported in HIV-positive individuals
(36%18--55.7%3),3,17--19 although some studies contradict
this.20
Subclinical cardiac abnormalities have been detected at
early stages of HIV infection, independently of ART, suggest-
ing that HIV itself may play a part in the genesis of diastolic
dysfunction.18 Traditional risk factors are strongly associated
with impaired diastolic relaxation.17
LVDD frequently appears in patients with few or no
symptoms or in those whose symptoms are related to
other conditions. Echocardiography provides a reliable non-
invasive assessment of LV systolic and diastolic function
and can detect subclinical myocardial involvement in HIV-
positive individuals.3 However, in the absence of symptoms,
it may be premature to recommend routine screening
echocardiograms.19
It is unclear whether HIV-infected patients require any
specific therapeutic interventions to manage or prevent
cardiac dysfunction. Reduction of HIV-related inflamma-
tion with ART would appear to be a reasonable approach,
although the benefit of treatment on cardiac function
remains unproven.19
Infectious endocarditis
Studies in the pre-HAART era reported increased risk of
infectious endocarditis (IE) in HIV-positive individuals, but
in one study its incidence decreased from 20.5 to 6.6
per 1000 person-years between the pre- and post-HAART
eras.21
The risk factors most strongly associated with IE were
intravenous drug use21,22 and severe immunodepression.21
In some studies Staphylococcus aureus was the most
common agent in HIV-positive individuals,21--23 most often
involving the tricuspid valve.23 In HIV-positive individuals
with methicillin-resistant S. aureus (MRSA) bacteremia,
community-associated MRSA was significantly associated
with increased IE prevalence.24
Patients may present fever, weight loss, and concomitant
pneumonia and/or meningitis. Transthoracic echocardiog-
raphy (TTE), complemented by transesophageal echocardi-
ography, is essential to confirm the diagnosis and to guide
treatment.
Left heart involvement and severe immunodepression
(CD4 <200/mm3) are associated with greater mortality.22,23
Gebo et al. reported higher recurrence and mortality rates
within one year of IE infection and recommended more
aggressive follow-up, especially in those over 40 years of
age.21
Antibiotic therapy is often effective, but surgery is indi-
cated in selected patients.
Pericardial effusion
Pericardial effusion (PE) is relatively common in this popu-
lation. Cardiac tamponade is rare.25 In the pre-HAART era,
an annual incidence of 11% was reported in AIDS patients.25
In the HAART era, an incidence of 0.25% has been reported
in HIV-positive individuals.26
Possible etiologies of PE in these patients include oppor-
tunistic infections,27 malignancies such as Kaposi sarcoma
(KS) and non-Hodgkin lymphoma (NHL),25 tuberculosis,
hypoalbuminemia,25 idiopathic, and end-stage HIV capillary
leak syndrome.25
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Previous studies of PE in this population reported that
pericardial involvement was often an echocardiographic
finding that was not clinically suspected, and that since most
PEs were small8,25 and rarely progressive25 an exhaustive
search for a pericardial diagnosis is usually not indicated.25
Large symptomatic pericardial effusions do occur, however,
and may need aggressive evaluation and therapy.25 Dyspnea,
exercise intolerance or edema should prompt investigation
by TTE.26
PE may be a marker of end-stage HIV infection,25 but it is
rarely the cause of death,27 although it has been associated
with shorter survival.8,25
Pulmonary hypertension
HIV-related pulmonary arterial hypertension (PAH) has
similar clinical, laboratory, imaging and pathological man-
ifestations to those of idiopathic PAH.28
An incidence of 0.5% in HIV-positive individuals was
reported in the pre-HAART era,29 while a prospective study
in the HAART era reported a prevalence of 0.46%.30 PAH may
develop at any stage of HIV infection and all risk groups may
be affected.31
The mean age of HIV-positive individuals diagnosed with
PAH as reported in a systematic review28 was 35±9.6 years
and 59% were male; the main risk factors for contracting
HIV infection were injection drug use (49%) and male-to-
male sexual activity (21%), and mean CD4 count at the time
of diagnosis of PAH was 352±304 cells/l. AIDS had been
diagnosed in 53%, hepatitis B in 12%, and hepatitis C in 14%.
The mean time from diagnosis of HIV infection to diagnosis
of PAH was 4.3±4.0 years.
The underlying vasculopathy is severe angioprolifera-
tive disease. Pulmonary veno-occlusive disease is relatively
rare29,31,32; pulmonary vascular dysfunction probably results
from risk factors such as viral infections, autoimmunity,
drugs or toxins, possibly triggering an underlying genetic
susceptibility.32 Inflammation appears to play a more active
role in the pathogenesis of HIV-related PAH than in idiopathic
PAH.32
Diagnosis requires confirmation of pulmonary hyperten-
sion and of HIV infection and exclusion of other causes of
pulmonary hypertension.33 It should be suspected in cases
of unexplained dyspnea.30,31 Symptoms at the time of diag-
nosis as reported by Janda et al. included dyspnea (93%),
pedal edema (18%), syncope (13%), fatigue (11%), cough
(8%) and chest pain (6%).28 Echocardiography should be
performed in patients with unexplained dyspnea to inves-
tigate possible HIV-related cardiovascular complications.34
Right heart catheterization is the gold standard to diag-
nose PAH and to assess hemodynamic status and response to
treatment.35
Development of PAH is associated with worse prognosis,
particularly in NYHA functional class III--IV, with 28% survival
at three years.36 Patients with HIV-related PAH frequently
die from conditions associated with PAH.28,35,36 The most
common complication is right-sided HF.28
Since there is no curative treatment, the aim is to
improve patients’ functional class. Conventional treatment
is directed at controlling its consequences and is sim-
ilar to that for all forms of pulmonary hypertension.33
In cases of decompensated right heart failure, fluid
restriction and diuretics should be used with caution
to avoid excessive reduction of intravascular volume.
Inotropic agents are used when necessary and home oxy-
gen therapy can be prescribed in patients with chronic
hypoxemia.33 Anticoagulation is not routinely recommended
because of an increased risk of bleeding, treatment
compliance issues, and drug interactions,34 and these
individuals should not receive calcium channel blockers
(CCBs).34
There have been few studies on PAH treatment in this
population and there is a need for controlled randomized
trials with large population samples. Administration of sil-
denafil is the subject of debate, since it interacts with
protease inhibitors (PIs); according to Galie et al., if sil-
denafil is used, the dose should be adjusted if ritonavir and
saquinovir are co-administered.34
There are conflicting data on the efficacy of HAART in the
treatment of PAH.37--39
HIV infection is generally considered an exclusion crite-
rion for lung transplantation, although in some centers a
specific program has been implemented.34
Autonomic dysfunction
Cardiovascular autonomic tone has been shown to be
involved in advanced HIV disease. Spectral analysis of heart
rate variability showed severe global autonomic dysfunction
in AIDS patients without clinical or echocardiographic evi-
dence of cardiac disease, and this has been suggested as
a possible mechanism of arrhythmogenesis.40 HIV-positive
individuals under ART for more than 44 months present
increased resting heart rate and reduced short-term heart
rate variability, indicative of parasympathetic dysfunction.41
However, a recent prospective study suggests that ART
may not contribute to short-term alterations in autonomic
function in healthy individuals early in the course of the
disease.42
Cardiac malignancies
The introduction of HAART has led to significant reductions
in the incidence of KS and NHL,43 both of which can affect
the heart.
In the pre-HAART era, individuals with AIDS were at
increased risk of KS.44 Cardiac involvement usually occurs
as a part of disseminated KS.27 Clinical cardiac findings
are obscure and pericardiocentesis not only has no diag-
nostic role but is also a high-risk procedure in this group
of patients.27 When there is a high index of suspicion of
PE due to KS, a pericardial window should be performed
for providing decompression and establishing the pathologic
diagnosis.27
An increased incidence of NHL in AIDS patients was also
reported in the pre-HAART era.44 Cardiac involvement, usu-
ally derived from B cells, is typically high grade and is
often disseminated early in patients with AIDS.27,45 It is usu-
ally clinically silent, but may present with HF, arrhythmias
and/or PE,46,47 and cardiac tamponade.45 Echocardiography
may reveal an intracardiac mass or nodular lesions within
the three layers of the heart wall, but in infiltrative forms
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Figure 1 Schematic representation of the possible interactions between human immunodeficiency virus and the endothelium and
platelets. Adapted from Gresele et al.60
FMD: flow-mediated dilation; LIGHT: TNFSF14 (tumor necrosis factor superfamily member 14); NAP-2: neutrophil activating peptide
2; RANTES: regulated on activation normal T cell expressed and presumably secreted; sCD40L: soluble CD40 ligand; sP selectin:
soluble P-selectin.
of cardiac NHL, it may underestimate the extent of myocar-
dial involvement.45 Magnetic resonance imaging is useful for
assessing the characteristics and potential complications of
the malignancy.47
In HIV patients, the occurrence of NHL does not corre-
late closely with an advanced stage of immunosuppression.45
Although prognosis is poor, systemic chemotherapy may pro-
long survival.45
Vasculopathies
Virtually all types of vasculitides of small, medium and
large vessels have been observed in this population.48
They may result from abnormalities induced by HIV and/or
other agents. Various inflammatory vascular diseases may
develop, including polyarteritis nodosa-like vasculitis,48
Henoch-Schönlein purpura, drug-induced hypersensitiv-
ity vasculitis, Kawasaki-like syndromes49 and Takayasu
arteritis.50
HIV-related aneurysms have been identified as a dis-
tinct entity, characterized by their predilection for young
patients, multiplicity, atypical location and distinct his-
tological features. Most patients were asymptomatic and
68% presented advanced HIV disease.51 The pathogenesis of
these aneurysms remains unclear.51
A type of occlusive arterial disease apparently unique
to HIV-positive individuals has been reported. It is
more common in young patients, generally those with
advanced disease and significant immunodepression.52 They
frequently present with advanced tissue necrosis that pre-
cludes limb salvage.52
Human immunodeficiency virus and coronary
disease
Electrocardiographic evidence of asymptomatic IHD has
been reported in 10.9% of HIV-infected adults without known
IHD, irrespective of type and duration of ART.53
Alterations in lipid metabolism have been described in
HIV-positive individuals.54,55
The role of HIV as a risk factor for accelerated atheroscle-
rosis is controversial.56--59 The virus has effects on the
endothelium and platelets (Figure 1).60 Endothelial dys-
function occurs early in the process of atherogenesis and
contributes to the formation, progression and complications
of atherosclerotic plaques.60
Atherosclerotic alterations of the arterial wall lead to
increased arterial stiffness, which has been reported in
untreated HIV-positive individuals in some studies58,61 but
not in others.62
Chronic HIV infection leads to immune activation
and chronic inflammation, only partially corrected by
HAART.60 Immunodepression can have adverse effects on the
vasculature.59
Corrected QT interval prolongation
An increased prevalence of corrected QT interval (QTc) pro-
longation in HIV-positive individuals has been reported.63--66
This may be associated with drugs used to treat other
conditions, electrolyte disturbances, longer duration of
HIV infection,64,65 cardiomyopathy, autonomic dysfunction
or myocardial ischemia.64 Shavadia et al. reported a
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RAL ABC/3TC or TDF/FTC RAL: 400 mg bd
A drug from column A should be combined with the drugs listed in column B.
/r: ritonavir used as booster; 3TC: lamivudine; ABC: abacavir; ATV: atazanavir; COBI: cobicistat; DRV: darunavir; DTG: dolutegravir; EFV:
efavirenz; EVG: elvitegravir; FTC: emtricitabine; INSTI: integrase strand transfer inhibitor; NNRTI: non-nucleoside reverse transcriptase
inhibitors; NRTI: nucleoside reverse transcriptase inhibitors; PI: protease inhibitors; RAL: raltegravir; RPV: rilpivirine; TDF: tenofovir.
Adapted from the European AIDS Clinical Society Guidelines68.
significantly increased risk for QTc prolongation in HIV-
positive individuals under ART compared to untreated
individuals,63 but other studies found no significant
association.65,66 According to Reinsch et al., factors such as
gender, diabetes and hypertension may also be involved in
the development of QTc prolongation.66
The use of noncardiac QTc-prolonging drugs has been
associated with increased risk for sudden cardiac death in
the general population.67 It is important to monitor QTc
interval in patients under ART, particular when ART is com-
bined with drugs that can prolong QTc.
Effects of human immunodeficiency virus
infection on the cardiovascular system in the
highly active antiretroviral therapy era
Highly active antiretroviral therapy
The initial combination regimens recommended by the Euro-
pean AIDS Clinical Society (EACS)68 are presented in Table 1.
The 2014 Recommendations of the International Antivi-
ral Society--USA Panel propose that ART should be initiated
in all individuals who are willing and ready to start treat-
ment after confirmed diagnosis of HIV infection.69 ART is
recommended for the treatment of HIV infection and the
prevention of transmission of HIV regardless of CD4 cell
count (strength of recommendation AIa-BIII).69 These meas-
ures will subject HIV-positive individuals to earlier exposure
to HAART and its adverse effects. The recommendations of
the 2014 EACS guidelines for initiation of ART in HIV-positive
persons without prior ART exposure are graded taking into
account both the degree of progression of HIV disease and
the presence of, or high risk for developing, various types of
(comorbid) conditions.68 ART is always recommended in any
HIV-positive person with a current CD4 count <350 cells/l.68
For persons with CD4 counts above this level, the deci-
sion to start ART should be considered on an individual
basis.68
Effects of highly active antiretroviral therapy
Various cardiovascular risk factors can be induced or
strengthened by HAART. Traditional risk factors have been
significantly associated with increased risk for MI in HIV-
positive individuals.70,71
The incidence of diabetes in HIV-positive men under
HAART has been reported as over four times higher than
in HIV-negative individuals.72 Traditional risk factors (age,
male gender, obesity, low HDL cholesterol and high total
cholesterol) play an important role in the increased risk
of diabetes in this population,73--75 while lipodystrophy73,76
and immunodepression76 have also been associated with
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Figure 2 Factors associated with hypertension, human immunodeficiency virus and cardiovascular disease.
ART: antiretroviral therapy; CKD: chronic kidney disease; CVD: cardiovascular disease; HIV: human immunodeficiency virus; HTN:
hypertension.
increased incidence of diabetes in HIV-positive individ-
uals. The impact of coinfection with hepatitis C virus
is the subject of debate.74--76 ART is not unanimously
recognized as a risk factor for diabetes, but several stud-
ies have reported increased prevalence of diabetes with
certain antiretrovirals73,74,77 and with longer exposure to
ART.73,78 The drugs most often associated with diabetes are
PIs74,77 and some nucleoside reverse-transcriptase inhibitors
(NRTIs).73,74,77
Certain PIs have been associated with a dyslipi-
demic profile.55,79,80 Non-nucleoside reverse-transcriptase
inhibitors (NNRTIs) generally result in a more favorable lipid
profile than PIs.80 However, studies have shown a significant
risk of dyslipidemia induced by efavirenz.54,81 Of the NRTIs,
tenofovir appears to be associated with less unfavorable
lipid profiles.82,83 It has been suggested that integrase strand
transfer inhibitor-based regimens may be a good option for
patients with pre-existing dyslipidemia.69
HIV-related lipodystrophy, mainly considered an adverse
effect of HAART, has a reported mean prevalence of 42% in
HIV-positive individuals treated with PI-containing HAART.84
The term ‘lipodystrophy syndrome’ is used by some authors
to include morphological and metabolic phenomena, but it
is not clear that they result from the same mechanism. Not
all patients present all the characteristics of the syndrome;
dyslipidemia has been reported in 70% and diabetes in 8--10%
of these patients.85
Hypertension
Some studies suggest that the prevalence of hypertension is
increased in HIV-positive individuals under ART,86,87 but this
is not confirmed by others.88
The role of HIV and ART in the pathogenesis of hyper-
tension is not clear. Possible mechanisms are presented in
Figure 2. A prospective study in HIV-infected patients start-
ing HAART found an increase in blood pressure (BP) after 48
weeks.86 In HIV-positive individuals starting their first HAART
regimen, treatment with lopinavir/ritonavir was associ-
ated with increased BP,89 while patients taking atazanavir,
efavirenz, nelfinavir or indinavir were less likely to develop
high BP.89
Highly active antiretroviral therapy and
cardiovascular disease
Mendes et al. detected abnormalities in myocardial defor-
mation through assessment of strain and strain rate in a
population of relatively healthy HIV-infected patients with-
out established CVD or risk factors.20
It has been demonstrated that HIV infection and
HAART are independent risk factors for early carotid
atherosclerosis,56 but Kaplan et al. reported that ART was
not consistently associated with atherosclerosis59 and there
is conflicting evidence on the effects of ART on arterial
stiffness.61,62
HIV-positive patients, especially those under ART, are
at increased risk of CVD, particularly MI and coronary dis-
ease, compared to HIV-negative individuals.57,70,90,91 Several
studies have shown a higher frequency of vascular events
in HIV-infected adults under ART compared to untreated
individuals,90,92,93 although other studies disagree.94 It has
been suggested that immune reconstitution may be partly
responsible for the increased risk of IHD.90
Nevertheless, the benefits of ART continue to outweigh
the increased cardiovascular risk associated with this treat-
ment, and concerns about coronary risk should not prevent
HIV-positive individuals from receiving ART.
Several studies have shown an increased frequency of MI
with longer exposure to certain antiretrovirals.70,71,95 How-
ever, Obel et al. did not observe any increase up to eight
years after treatment initiation.90 In a shorter study, ART
was independently associated with a 26% increase in the
rate of MI per year of exposure in the first 4--6 years of
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Assess CVD risk in next 10 yearsa



















Drug treatment if: established
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Advise on diet and lifestyle in all persons
consider ART modification if 10-year C VD risk ≥20%
Figure 3 Assessment of cardiovascular risk in HIV-positive individuals. Adapted from European AIDS Clinical Society Guidelines
Version 7.1 -- November 2014.68
a The Framingham equation can be used. This assessment and the associated considerations outlined in this figure should be repeated
annually in all persons under care.
b Of the modifiable risk factors outlined, drug treatment is reserved for certain subgroups where benefits are considered to outweigh
potential harm.
c Target levels are to be used as guidance and are not definitive -- expressed as mmol/l with mg/dl in parentheses.
d Evidence for benefit when used in persons without a history of CVD (including diabetics) is less compelling. Blood pressure should
be reasonably controlled before aspirin use in such a setting.
treatment.70 Another study showed higher relative risk of
MI for every year of exposure to PIs, but no significant asso-
ciation was seen with NNRTIs.71 Treatment with indinavir,
lopinavir/ritonavir, didanosine and abacavir was associated
with an increased risk of MI,95 but other authors found no
association between exposure to abacavir and increased risk
of MI.96 Consideration should be given to avoiding use of
abacavir, ritonavir/lopinavir, and ritonavir/fosamprenavir in
persons at high risk for CVD because these regimens have
been associated with increased risk of cardiovascular events
in some studies.69
Assessment of cardiovascular risk
Cardiovascular risk should be assessed and monitored in
order to identify those at high risk and to implement pre-
ventive measures (Figure 3).
HIV-positive individuals have various risk factors for CVD,
both traditional factors and those related to their HIV sta-
tus, including the infection itself, duration of infection, viral
load, therapy, and altered immune response.
The Framingham risk score may underestimate risk in
this population.58 Two other risk scores have recently
been developed: a risk equation developed from a pop-
ulation of HIV-infected patients, incorporating routinely
collected cardiovascular risk parameters and exposure to
antiretrovirals97; and a model to predict the short-term risk
of new-onset diabetes in HIV-positive populations during
follow-up.76
Recommendations
Behavioral and therapeutic interventions to reduce cardio-
vascular risk are recommended in HIV-positive individuals
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If lifestyle modification is insufficient
HbA1C >6.5-7%
HbA1C >6.5-7%
Refer to specialist – use insulin
Treatment goals: prevention of hyper-/hypoglycemia, glucose control (HbA1c <6.5-7%
without hypoglycemia, fasting plasma glucose 4-6 mmol/l [73-110 mg/dl]),
prevention of long-term complications
Use a combination of two agents (metformin/sulfonylurea/othersa
Metformin
-Always to be considered as the first oral agenta
-Start dose (500-850 mg qd), increase to max
 tolerated dose of 2(-3) g/d over 4-6 weeks
-(May worsen lipoatrophy)
Sulfonylureas
-May be considered for non-overweight individuals
 if blood glucose is very high
-No clinical trial data in HIV-positive persons
Figure 4 Management of type 2 diabetes in HIV-positive individuals. Adapted from European AIDS Clinical Society Guidelines
Version 7.1 -- November 2014.68
a Very limited data for any oral antidiabetic agents in terms of CVD prevention, and no data in HIV-positive persons.
<55 years
ACEi or low-cost ARBa
ACEi/ARB + dihydropyridine CCBa
ACEi/ARB + dihydropyridine CCB + thiazide-type diuretica
Dihydropyridine CCBa
≥55 years or black person of
any age 
Addb further diuretic therapy (e.g. spironolactone) or alpha-blocker
(e.g. doxazosin) or beta-blocker (e.g. atenolol)
Refer to specialist
A.  Wait 2–6 weeks to assess whether target is achieved; if not, go to next step.
B.  Requirement of 4–5 drugs to manage hypertension needs specialist training.
Figure 5 Choosing drugs for HIV-infected persons newly diagnosed with hypertension. Adapted from European AIDS Clinical Society
Guidelines Version 7.1 -- November 2014.68
ACEi: angiotensin-converting enzyme inhibitor (e.g. perindopril, lisinopril or ramipril); ARB: low-cost angiotensin receptor blocker
(e.g. losartan, candesartan); CCB: calcium-channel blocker (e.g. amlodipine). Thiazide-type diuretic includes e.g. indapamide or
chlorthalidone but excludes thiazides (e.g. hydrochlorothiazide, bendroflumethiazide, etc.)
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under ART. They should be advised regarding diet, weight
loss, smoking cessation and exercise. An independent asso-
ciation has been reported between high salt consumption
and increased arterial stiffness.98
Lima et al. analyzed the effect of a prevention program
(non-pharmacological and, when appropriate, pharmaco-
logical therapy) on cardiovascular risk in HIV-positive
patients.99 After a six-month follow-up, significant changes
were seen in triglycerides and total and LDL cholesterol and
a significant reduction in the number of individuals at high
cardiovascular risk.99
The EACS has published recommendations on the
treatment of dyslipidemia, diabetes and hypertension in
HIV-positive individuals.68
If lifestyle modification and change of ART are not
effective, lipid-lowering medication should be considered.68
Of the drugs used to lower LDL cholesterol, statins are
the first-line treatment, and should be prescribed in
patients with established vascular disease and in those
with type 2 diabetes or at high risk of CVD, irre-
spective of lipid levels.68 However, interactions between
statins and antiretrovirals are common; PIs can interact
with statin metabolism via cytochrome CYP3A4, increasing
overall exposure to statins. Simvastatin is contraindi-
cated with concurrent PI use.54 In a small pilot study,
rosuvastatin for 24 weeks was effective against hyperlipi-
demia in patients taking PIs, with a favorable tolerability
profile.100
The goals and characteristics of treatment of type
2 diabetes recommended by the EACS68 are shown in
Figure 4.
The aim of treatment for hypertension is to achieve BP
<140/90 mmHg. The EACS recommendations for drug treat-
ment of hypertension68 are presented in Figure 5. CCBs
should be used with caution, since they may interact with
PIs. Comorbidities should be borne in mind when selecting
drug therapy.
Conflicts of interest
The authors have no conflicts of interest to declare.
References
1. UNAIDS. UNAIDS Report of the global AIDS epidemic 2013.
Available at: http://www.unaids.org/en/media/unaids/
contentassets/documents/epidemiology/2013/gr2013/
UNAIDS Global Report 2013 en.pdf. Accessed on 27 December
2013.
2. Gill J, May M, Lewden C, et al., The Antiretroviral Ther-
apy Cohort Collaboration. Causes of death in HIV-1-infected
patients treated with antiretroviral therapy, 1996--2006: col-
laborative analysis of 13 HIV cohort studies. Clin Infect Dis.
2010;50:1387--96.
3. El Hattaoui M, Charei N, Boumzebra D, et al. Étude de
la prévalence des cardiomyopathies au cours de l’infection
VIH: étude prospective de 158 patients VIH. Med Mal Infect.
2008;38:387--91.
4. Anderson DW, Virmani R, Reilly JM, et al. Prevalent myocarditis
at necropsy in acquired immunodeficiency syndrome. J Am Coll
Cardiol. 1988;11:792--9.
5. Barbaro G, Fisher S, Giancaspro G, et al. HIV-associated car-
diovascular complications: a new challenge for emergency
physicians. Am J Emerg Med. 2001;19:566--74.
6. Kindermann I, Barth C, Mahfoud F, et al. Update on myocardi-
tis. JACC. 2012;59:779--92.
7. Barbaro G, Di Lorenzo G, Grisorio B, et al. Incidence of dilated
cardiomyopathy and detection of HIV in myocardial cells of HIV
positive patients. N Engl J Med. 1998;339:1093--9 [retraction
published in N Engl J Med. 2002;347(2):140].
8. Longo-Mbenza B, Seghers KV, Phuati M, et al. Heart involve-
ment and HIV infection in African patients: determinants of
survival. Int J Cardiol. 1998;64:63--73.
9. Bijl M, Dieleman JP, Simoons M, et al. Low prevalence of
cardiac abnormalities in an HIV-seropositive population on
antiretroviral combination therapy. J Acquir Immune Defic
Syndr. 2001;27:318--20.
10. Twagirumukiza M, Nikeramihigo E, Seminega B, et al. Preva-
lence of dilated cardiomyopathy in HIV-infected African
patients not receiving HAART: a multicenter, observa-
tional, prospective, cohort study in Rwanda. Curr HIV Res.
2007;5:129--37.
11. Pozzan G, Pagliari C, Tuon FF, et al. Diffuse-regressive
alterations and apoptosis of myocytes: possible causes of
myocardial dysfunction in HIV-related cardiomyopathy. Int J
Cardiol. 2009;132:90--5.
12. Currie PF, Goldman JH, Caforio AL, et al. Cardiac autoim-
munity in HIV related heart muscle disease. Heart. 1998;79:
599--604.
13. Lewis W, Grupp IL, Grupp G, et al. Cardiac dysfunction occurs
in the HIV-1 transgenic mouse treated with zidovudine. Lab
Invest. 2000;80:187--97.
14. Currie PF, Jacob AJ, Foreman AR, et al. Heart muscle dis-
ease related to HIV infection: prognostic implications. BMJ.
1994;309:1605--7.
15. Barbaro G, Di Lorenzo G, Soldini M, et al. Clinical course
of cardiomyopathy in HIV-infected patients with or with-
out encephalopathy related to the myocardial expression
of tumour necrosis factor-alpha and nitric oxide syn-
thase. AIDS. 2000;14:827--38 [retraction published in AIDS
2004;18(8):1087].
16. Ohtsuka T, Hamada M, Hiasa G, et al. Effect of beta-blockers
on circulating levels of inflammatory and anti-inflammatory
cytokines in patients with dilated cardiomyopathy. J Am Coll
Cardiol. 2000;37:412--7.
17. Reinsch N, Neuhaus K, Esser S. Prevalence of cardiac diastolic
dysfunction in HIV-infected patients: results of the HIV-HEART
Study. HIV Clin Trials. 2010;11:156--62.
18. Oliviero U, Bonadies G, Bosso G, et al. Impaired dia-
stolic function in naïve untreated human immunodefi-
ciency virus infected patients. World J Cardiol. 2010;2:
98--103.
19. Hsue PY, Hunt PW, Ho JW, et al. Impact of HIV infection on
diastolic function and left ventricular mass. Circ Heart Fail.
2010;3:132--9.
20. Mendes L, Silva D, Miranda C, et al. Impact of HIV infec-
tion on cardiac deformation. Rev Por Cardiol. 2014;33:
501--9.
21. Gebo KA, Burkey MD, Lucas GM, et al. Incidence of, risk fac-
tors for, clinical presentation, and 1-year outcomes of infective
endocarditis in an urban HIV cohort. J Acquir Immune Defic
Syndr. 2006;43:426--32.
22. Pulvirenti JJ, Kerns E, Benson C, et al. Infective endocarditis in
injection drug users: importance of human immunodeficiency
virus serostatus and degree of immunosuppression. Clin Infect
Dis. 1996;22:40--5.
23. Cicalini S, Forcina G, De Rosa FG. Infective endocarditis
in patients with human immunodeficiency virus infection. J
Infect. 2001;42:267--71.
Document downloaded from http://www.elsevier.es, day 24/09/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
Cardiovascular disease associated with human immunodeficiency virus 489
24. Furuno JP, Johnson JK, Schweizer ML, et al. Community-
associated methicillin-resistant Staphylococcus aureus
bacteremia and endocarditis among HIV patients: a
cohort study. BMC Infect Dis. 2011;11:298. Available at:
http://www.biomedcentral.com/1471-2334/11/298
25. Heidenreich PA, Eisenberg MJ, Kee LL, et al. Pericar-
dial effusion in AIDS. Incidence and survival. Circulation.
1995;92:3229--34.
26. Lind A, Reinsch N, Neuhaus K, et al. Pericardial effusion of
HIV-infected patients -- results of a prospective multicenter
cohort study in the era of antiretroviral therapy. Eur J Med
Res. 2011;16:480--3.
27. Rerkpattanapipat P, Wongpraparut N, Jacobs LE, et al. Cardiac
manifestations of acquired immunodeficiency syndrome. Arch
Intern Med. 2000;160:602--8.
28. Janda S, Quon BS, Swiston J. HIV and pulmonary arte-
rial hypertension: a systematic review. HIV Med. 2010;11:
620--34.
29. Mesa RA, Edell ES, Dunn WF, et al. Human immunodeficiency
virus infection and pulmonary hypertension: two new cases
and a review of 86 reported cases. Mayo Clin Proc. 1998;73:
37--45.
30. Sitbon O, Lascoux-Combe C, Delfraissy JF, et al. Prevalence
of HIV-related pulmonary arterial hypertension in the cur-
rent antiretroviral therapy era. Am J Respir Crit Care Med.
2008;177:108--13.
31. Houssine PL, Karmochkine M, Ledru F, et al. Hyperten-
sion artérielle pulmonaire primitive au cours de l’infection
par le virus de l’immunodéficience humaine. Étude de neuf
observations et revue de la littérature. Rev Med Interne.
2001;22:1196--203.
32. Humbert M. Mediators involved in HIV-related pulmonary arte-
rial hypertension. AIDS. 2008;22 Suppl. 3:S41--7.
33. Soto-Abánades CI, Alcolea-Batres S, Ríos-Blanco JJ. Hiperten-
sión arterial pulmonar en pacientes con infección por el virus
de la inmunodeficiencia humana: situación actual. Enferm
Infecc Microbiol Clin. 2012, http://dx.doi.org/10.1016/
j.eimc.2012.05.001.
34. Galie N, Hoeper MM, Humbert M, et al. Guidelines for the diag-
nosis and treatment of pulmonary hypertension: the Task Force
for the Diagnosis and Treatment of Pulmonary Hypertension of
the European Society of Cardiology (ESC) and the European
Respiratory Society (ERS), endorsed by the International Soci-
ety of Heart and Lung Transplantation (ISHLT). Eur Heart J.
2009;30:2493--537.
35. Sitbon O. HIV-related pulmonary arterial hypertension: clin-
ical presentation and management. AIDS. 2008;22 Suppl. 3:
55--62.
36. Nunes H, Humbert M, Sitbon O, et al. Prognostic factors
for survival in human immunodeficiency virus-associated pul-
monary arterial hypertension. Am J Respir Crit Care Med.
2003;167:1433--9.
37. Degano B, Guillaume M, Savalea L, et al. HIV-associated
pulmonary arterial hypertension: survival and prognostic
factors in the modern therapeutic era. AIDS. 2010;24:
67--75.
38. Zuber JP, Calmy A, Evison JM, et al. Pulmonary arterial hyper-
tension related to HIV infection: improved hemodynamics and
survival associated with antiretroviral therapy. Clin Infect Dis.
2004;38:1178--85.
39. Speich R, Jenni R, Opravil M, et al. Regression of HIV-associated
pulmonary arterial hypertension and long-term survival during
antiretroviral therapy. Swiss Med Wkly. 2001;131:663--5.
40. Neild PJ, Amadi A, Ponikowski P, et al. Cardiac autonomic dys-
function in AIDS is not secondary to heart failure. Int J Cardiol.
2000;74:133--7.
41. Lebech AM, Kristoffersen US, Mehlsen J, et al. Auto-
nomic dysfunction in HIV patients on antiretroviral therapy:
studies of heart rate variability. Clin Physiol Funct Imaging.
2007;27:363--7.
42. Chow D, Kocher M, Shikuma C, et al. Effects of antiretro-
viral therapy on autonomic function in early HIV
infection: a preliminary report. Int J Med Sci. 2012;9:
397--405.
43. International Collaboration on HIV and Cancer. Highly active
antiretroviral therapy and incidence of cancer in human
immunodeficiency virus-infected adults. J Natl Cancer Inst.
2000;92:1823--30.
44. Biggar RJ, Rosenberg PS, Coté T. Kaposi’s sarcoma and non-
Hodgkin’s lymphoma following the diagnosis of AIDS. Int J
Cancer. 1996;68:754--8.
45. Duong M, Dubois C, Buisson M, et al. Non-Hodgkin’s lymphoma
of the heart in patients infected with human immunodeficiency
virus. Clin Cardiol. 1997;20:497--502.
46. Balasubramanyam A, Waxman M, Kazal HL, et al. Malignant
lymphoma of the heart in acquired immune deficiency syn-
drome. Chest. 1986;90:243--6.
47. Llitjos J-F, Redheuil A, Puymirat E, et al. AIDS-related
primary cardiac lymphoma with right-sided heart fail-
ure and high-grade AV block: insights from magnetic
resonance imaging. Ann Cardiol Angeiol (Paris). 2013,
http://dx.doi.org/10.1016/j.ancard.2013.03.004.
48. Chetty R. Vasculitides associated with HIV infection. J Clin
Pathol. 2001;54:275--8.
49. Johnson RM, Barbarini G, Barbaro G. Kawasaki-like syndromes
and other vasculitic syndromes in HIV-infected patients. AIDS.
2003;17 Suppl. 1:S77--82.
50. Shingadia D, Das L, Klein-Gitelman N, et al. Takayasu’s arteritis
in a human immunodeficiency virus-infected adolescent. Clin
Infect Dis. 1999;29:458--9.
51. Nair R, Robbs JV, Naidoo NG, et al. Clinical profile of
HIV-related aneurysms. Eur J Vasc Endovasc Surg. 2000;20:
235--40.
52. Nair R, Robbs JV, Chetty R, et al. Occlusive arterial disease
in HIV-infected patients: a preliminary report. Eur J Vasc
Endovasc Surg. 2000;20:353--7.
53. Carr A, Grund B, Neuhaus J, et al., The SMART Study Inves-
tigators. Asymptomatic myocardial ischaemia in HIV-infected
adults. AIDS. 2008;22:257--67.
54. Feeney ER, Mallon PW. HIV and HAART-associated dyslipidemia.
Open Cardiovasc Med J. 2011;5:49--63.
55. Anastos K, Lu D, Shi Q, et al. Association of serum lipid lev-
els with HIV serostatus, specific antiretroviral agents, and
treatment regimens. J Acquir Immune Defic Syndr. 2007;45:
34--42.
56. Lorenz MW, Stephan C, Harmjanz A, et al. Both long-term
HIV infection and highly active antiretroviral therapy are
independent risk factors for early carotid atherosclerosis.
Atherosclerosis. 2008;196:720--6.
57. Currier JS, Taylor A, Boyd F, et al. Coronary heart disease
in HIV-infected individuals. J Acquir Immune Defic Syndr.
2003;33:506--12.
58. Schillaci G, De Socio GV, Pucci G, et al. Aortic stiffness in
untreated adult patients with human immunodeficiency virus
infection. Hypertension. 2008;52:308--13.
59. Kaplan RC, Kingsley LA, Gange SJ, et al. Low CD4+ T-cell count
as a major atherosclerosis risk factor in HIV-infected women
and men. AIDS. 2008;22:1615--24.
60. Gresele P, Falcinelli E, Sebastiano M, et al. Endothelial and
platelet function alterations in HIV-infected patients. Thromb
Res. 2012;129:301--8.
61. Bonnet D, Aggoun Y, Szezepanski I, et al. Arterial stiffness
and endothelial dysfunction in HIV-infected children. AIDS.
2004;18:1037--41.
62. Eira M, Bensenor IM, Dorea EL, et al. Terapia antir-
retroviral altamente eficaz para infecção pelo vírus da
Document downloaded from http://www.elsevier.es, day 24/09/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
490 L. Amado Costa, A.G. Almeida
imunodeficiência humana aumenta a rigidez aórtica. Arq Bras
Cardiol. 2012;99:1100--7.
63. Shavadia J, Shah R, Yonga G, et al. The influence of antiretrovi-
ral therapy on the QTc interval in an African cohort. Clin Infect
Dis. 2012;54:448--9.
64. Mahmoud S, Basil N. QTc interval prolongation in patients with
HIV and AIDS. J Natl Med Assoc. 2005;97:1657--61.
65. Fiorentini A, Petrosillo N, Di Stefano A, et al. QTc interval
prolongation in HIV-infected patients: a case-control study
by 24-hour Holter ECG recording. BMC Cardiovasc Disord.
2012;12:124.
66. Reinsch N, Buhr C, Krings P, et al., on behalf of the
German Heart Failure Network. Prevalence and risk fac-
tors of prolonged QTc interval in HIV-infected patients:
results of the HIV-HEART Study. HIV Clin Trials. 2009;10:
261--8.
67. Strauss SM, Sturkenboom MC, Bleumink GS, et al. Noncardiac
QTc-prolonging drugs and the risk of sudden cardiac death. Eur
Heart J. 2005;26:2007--12.
68. European AIDS Clinical Society. EACS Guidelines Version 7.1 --
November 2014. English.
69. Gunthard, Aberg, Eron, et al. Antiretroviral treatment
of adult HIV infection 2014: recommendations of the
International Antiviral Society--USA Panel. JAMA. 2014;312:
410--25.
70. Friis-Møller N, Sabin CA, Weber R, et al., Data Collection On
Adverse Events Of Anti-HIV Drugs (DAD) Study Group. Com-
bination antiretroviral therapy and the risk of myocardial
infarction. N Engl J Med. 2003;349:1993--2003 [correction pub-
lished in N Engl J Med. 2004;350:955].
71. Friis-Møller N, Reiss P, Sabin CA, et al. Class of antiretrovi-
ral drugs and the risk of myocardial infarction. N Engl J Med.
2007;356:1723--35.
72. Brown TT, Cole SR, Li X, et al. Antiretroviral therapy and
the prevalence and incidence of diabetes mellitus in the
multicenter AIDS Cohort Study. Arch Intern Med. 2005;165:
1179--84.
73. De Wit S, Sabin CA, Weber R, et al. Incidence and risk fac-
tors for new-onset diabetes in HIV-infected patients: the Data
Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study.
Diabetes Care. 2008;31:1224--9.
74. Ledergerber B, Furrer H, Rickenbach M, et al. Factors asso-
ciated with the incidence of type 2 diabetes mellitus in
HIV-infected participants in the Swiss HIV Cohort Study. Clin
Infect Dis. 2007;45:111--9.
75. Butt AA, Fultz SL, Kwoh CK, et al. The risk of diabetes in
HIV infected veterans in the pre- and post-HAART era and
the role of hepatitis C virus co-infection. Hepatology. 2004;40:
115--9.
76. Petoumenos K, Worm SW, Fontas E, et al. Predicting the
short-term risk of diabetes in HIV-positive patients: the Data
Collection on Adverse Events of Anti-HIV Drugs (D:A:D) study.
J Int AIDS Soc. 2012;15:17426.
77. Brambilla AM, Novati R, Calori G, et al. Stavudine or
indinavir-containing regimens are associated with an increased
risk of diabetes mellitus in HIV-infected individuals. AIDS.
2003;17:1993--5.
78. Diouf A, Cournil A, Ba-Fall K, et al. Diabetes and hyperten-
sion among patients receiving antiretroviral treatment since
1998 in Senegal: prevalence and associated factors. ISRN AIDS.
2012;2012, http://dx.doi.org/10.5402/2012/621565. Article
ID 621565.
79. Periard D, Telenti A, Sudre P, et al. Atherogenic dysli-
pidemia in HIV-infected individuals treated with protease
inhibitors. The Swiss HIV Cohort Study. Circulation. 1999;100:
700--5.
80. Young J, Weber R, Rickenbach M, et al. Lipid pro-
files for antiretroviral-naive patients starting PI- and
NNRTI-based therapy in the Swiss HIV cohort study. Antivir
Ther. 2005;10:585--91.
81. Van Leth F, Phanuphak P, Stroes E, et al. Nevirapine
and efavirenz elicit different changes in lipid profiles in
antiretroviral-therapy naive patients infected with HIV-1. PLOS
Med. 2004;1:e19.
82. Gallant JE, De Jesus E, Arribas JR, et al. Tenofovir DF,
emtricitabine, and efavirenz vs. zidovudine, lamivudine, and
efavirenz for HIV. N Engl J Med. 2006;354:251--60.
83. Gallant JE, Staszewski S, Pozniak AL, et al. Efficacy and
safety of tenofovir DF vs stavudine in combination therapy in
antiretroviral-naive patients: a 3-year randomized trial. JAMA.
2004;292:191--201.
84. Chen D, Misra A, Garg A. Clinical review 153: lipodystrophy
in human immunodeficiency virus-infected patients. J Clin
Endocrinol Metab. 2002;87:4845--56.
85. Carr A. HIV lipodystrophy: risk factors, pathogenesis, diagnosis
and management. AIDS. 2003;17(S1):S141--8.
86. Palacios R, Santos J, Garcia A, et al. Impact of highly
active antiretroviral therapy on blood pressure in HIV-infected
patients. A prospective study in a cohort of naive patients. HIV
Med. 2006;7:10--5.
87. Seaberg EC, Munoz A, Lu M, et al. Association between
highly active antiretroviral therapy and hypertension in a large
cohort of men followed from 1984 to 2003. AIDS. 2005;19:
953--60.
88. Bergersen BM, Sandvik L, Dunlop O, et al. Prevalence of hyper-
tension in HIV-positive patients on highly active retroviral
therapy (HAART) compared with HAART-naive and HIV-negative
controls: results from a Norwegian study of 721 patients. Eur
J Clin Microbiol Infect Dis. 2003;22:731--6.
89. Crane HM, Van Rompaey SE, Kitahata MM. Antiretroviral
medications associated with elevated blood pressure among
patients receiving highly active antiretroviral therapy. AIDS.
2006;20:1019--26.
90. Obel N, Thomsen HF, Kronborg G, et al. Ischemic heart disease
in HIV-infected and HIV-uninfected individuals: a population-
based cohort study. Clin Infect Dis. 2007;44:1625--31.
91. Cabanelas N, Ferreira P, Roxo F. Complicações cardiovasculares
da terapia anti-retrovírica altamente activa. A propósito de um
caso clínico. Rev Port Cardiol. 2009;28:749--58.
92. Glass TR, Ungsedhapand C, Wolbers M, et al. Prevalence of risk
factors for cardiovascular disease in HIV-infected patients over
time: the Swiss HIV Cohort Study. HIV Med. 2006;7:404--10.
93. Law M, Friis-Møller N, Weber R, et al. Modelling the 3-year
risk of myocardial infarction among participants in the Data
Collection on Adverse Events of Anti-HIV Drugs (DAD) study.
HIV Med. 2003;4:1--10.
94. Bozzette SA, Ake CF, Tam HK, et al. Cardiovascular and
cerebrovascular events in patients treated for human immu-
nodeficiency virus infection. N Engl J Med. 2003;348:
702--10.
95. Worm SW, Sabin C, Weber R, et al. Risk of myocardial infarction
in patients with HIV infection exposed to specific individual
antiretroviral drugs from the 3 major drug classes: the data
collection on adverse events of anti-HIV drugs (D:A:D) study. J
Infect Dis. 2010;201:318--30.
96. Ribaudo HJ, Benson CA, Zheng Y, et al., ACTG A5001/ALLRT
Protocol Team. No risk of myocardial infarction associated with
initial antiretroviral treatment containing abacavir: short- and
long-term results from ACTG A5001/ALLRT. Clin Infect Dis.
2011;52:929--40.
97. Friis-Møller N, Thiébaut R, Reiss P, et al. Predicting the risk
of cardiovascular disease in HIV-infected patients: the Data
collection on Adverse Effects of Anti-HIV Drugs Study. Eur J
Cardiovasc Prev Rehabil. 2010;17:491--501.
98. Polónia J, Maldonado J, Ramos R, et al. Determinação do con-
sumo de sal numa amostra da população portuguesa adulta
Document downloaded from http://www.elsevier.es, day 24/09/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
Cardiovascular disease associated with human immunodeficiency virus 491
pela excreção urinária de sódio. Sua relação com rigidez arte-
rial. Rev Port Cardiol. 2006;25:801--17.
99. Lima EM, Gualandro DM, Yu PC, et al. Cardiovascular preven-
tion in HIV patients: results from a successful intervention
program. Atherosclerosis. 2009;204:229--32.
100. Calza L, Colangeli V, Manfredi R, et al. Rosuvastatin for
the treatment of hyperlipidaemia in HIV-infected patients
receiving protease inhibitors: a pilot study. AIDS. 2005;19:
1103--5.
Document downloaded from http://www.elsevier.es, day 24/09/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.
